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Abstract

Purpose
To test the hypothesis that routine dental radiographs can be used to draw conclusions regarding inferior
alveolar nerve (IAN) localization.

Methods
A total of 108 radiographs (36 orthopantomograms [OPTs], 36 lateral cephalograms [LCs], and 36 cone-
beam computed tomograms [CBCTs]) of 36 patients were analyzed. Cephalometric parameters obtained
through OPTs and LCs were correlated with CBCT scans for predictability of IAN localization.

Results
The IAN ran along the lingual half (n = 24) twice as often as in the buccal half (n = 12) in population of
the study. The position was always symmetrical contralaterally. No sex-speci�c correlations were
observed (p = 0.34). Lingual nerve courses correlated with enlarged and buccal courses with reduced jaw
angles (p = 0.003 / p = 0.010). An increased jaw angle was signi�cantly correlated with a more cranial
nerve position; a deep and distal bite position was signi�cantly correlated with a caudal and buccal nerve
position (p = 0.020). Moreover, an increase of 1 point in the Hasund score predicted an increased
probability of a buccal nerve position by 18.6%. The jaw angle analyzed in OPT, and LC images were
positively correlated (r = 0.89, p < 0.001).

Conclusions
Routine dental radiographs provide meaningful conclusions about IAN localization in the vertical and
transverse dimension prior CBCT scans. This �nding could be used during the initial consultation and
treatment planning to weigh more invasive diagnostic methods further down the line.

Introduction
Lateral cephalograms (LCs) and orthopantomograms (OPTs) are indispensable for orthodontic diagnosis
and treatment planning [1, 27]. Cephalometric analysis and the relationships among the jaws, dentition,
and soft tissues provide essential information about the pathogenesis of dental malocclusions [1, 27].
However, heretofore, there is no consensus on the diagnostic value or justi�able indication of LCs and
OPTs, as some studies critically question the validity of cephalometric analysis and the in�uence on
orthodontic treatment decisions. This is primarily because of the fact that no clear and universal
de�nition of basic radiological diagnostics for orthodontic treatment can be found in the extant literature
[1, 10, 11, 21, 25, 27]. Radiological diagnostics are associated with radiation exposure of the patient,
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which can be considerable even at low doses [6, 13]. Particularly in the case of children, who make up the
largest proportion of patients undergoing orthodontic treatment, it must therefore be well considered
whether and which radiological technique should be used [10, 25]. The aforementioned routine dental
radiological imaging techniques (LCs and OPTs) provide a wealth of information in terms of incidental
�ndings that are rarely recorded, interpreted, and used for further treatment in everyday practice [4]. For
example, they can help locate the inferior alveolar nerve (IAN) position, which is of particular importance
during extraction or osteotomy of wisdom teeth and during insertion of temporary anchorage devices to
avoid nerve damage [19, 20, 23]. Haas and colleagues [15] remarked in the systematic review and meta-
analysis that the diagnosability of the nerve position in OPT should be investigated, as some studies
have shown a prevalence of 1% in OPTs [8, 22], whereas in cone-beam computed tomogram (CBCT)
scans, nerve position abnormalities were found in up to 30% cases [15]. Therefore, this study was
conducted with the aim of investigating the diagnostic value of routine two-dimensional dental
radiographic procedures (OPTs and LCs) in relation to IAN position. The results could be used in the initial
consultation and treatment planning to justify more advanced radiation-intensive three-dimensional
radiographic imaging techniques (CBCTs).

Material And Methods
Patients

This retrospective analysis was conducted in accordance with the principles of the Declaration of
Helsinki and was approved by an Institutional Ethics Committee. Written consent to use radiographs for
scienti�c purposes was obtained from each patient.A total of108 radiographs (36 OPTs, 36 LCs, and 36
CBCTs) of 36 patients were analyzed. OPTs were obtained during routine dental, oral, and maxillofacial
surgical diagnostics and therapy planning. LCs were obtained for orthodontic cephalometric analysis and
treatment planning. The patient population consisted of 20 women and 16 men, with ages ranging from
18 to 51 years (mean age 25.8 years). The averaged skeletal parameters of the study population are
encapsulated in Table 1. All data were collected in the period from March 2019 to July 2020 and
analyzed by two independent experienced investigators. Study inclusion criteria were completed bone
growth, and a circumferent supported natural dentition. Exclusion criteria were craniofacial
malformations, already performed maxillomandibular advancement, bone trauma, and diseases of the
jaw bases. 

Radiological evaluation

All data were evaluated by two independent investigators and were tested for normal distribution using
Shapiro–Wilk tests. Subsequently, inter-rater reliability was con�rmed using Bland–Altman plots (Table
2). In each OPT, the mean value of both jaw angles (Mand.Ang.) was determined. In addition, the average
distances of the root tips of the second molars of both quadrants (RT7) to the mandibular base were
measured (Figure 1). All OPTs were evaluated using the SIDEXIS XG® software (Sirona Dental Systems
GmbH, Bensheim, Germany).
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In each LC, eight different angles were measured (see Figure 2). The ratio of the anterior facial heights
(index) was determined using Hasund’s cephalometric analysis, and a structural analysis of the mandible
was performed according to the method proposed by Björk and modi�ed by Segner and Hasund [3, 17,
28]. The entire cephalometric analysis was performed using the ivoris®analyze software (Computer
Konkret AG, Falkenstein, Germany).

All CBCT scans were analyzed using the Ez3D Plus® software (Vatech Company, Hwaseong, Korea). The
vertical distance between the IAN and the occlusal bone surface was determined at three different
measuring points (MN1 to MN3) over a length of 20 mm, starting distal in direction to the second
mandibular molar. The measuring points MN1 to MN3 were thus located at a distance of exactly 10 or 20
mm from each other (Figure 3). In addition to the vertical position of the IAN, the transverse position was
examined and divided into two groups. For this purpose, a distance of 5 mm distal to the second
mandibular molar was marked in the axial view of the CBCT scans (Figure 4). In accordance with this
distance, a coronal view could be set, which served to evaluate the nerve position (Figure 5). Data were
divided into two groups depending on whether the nerve ran in the lingual or buccal half of the
mandibular bone (Figure 5, Table 3).

Statistical analysis

Statistical analysis was performed using Student's t-test, chi-square test, linear regression, logistic
regression with backward removal algorithm, and Pearson correlation. All tests were performed at a
signi�cance level of α = 5%, using the statistical software STATISTICA® (StatSoft Europe GmbH,
Hamburg, Germany) and SPSS® (IBM Corporation, New York, USA).

Results
Inter-rater variations

Table 2 summarizes the results of the Bland–Altman plots. The largest range of inter-rater variation was
found for the NSBa parameter, where 95% of the measurement differences between the two raters were in
a range of −3.91mm and 3.44mm. Considering the other parameters, a low inter-rater variability could be
assumed.

Descriptive statistics

The averaged skeletal con�guration of the patients showed a bimaxillary orthognathic con�guration, with
sagittal and vertical neutral jaw relation, neutral maxillary and mandibular base inclination, neutral skull
base inclination, and neutral index and jaw angle (Table 1). The mean inferior bone height was 25.39
mm, and the mean vertical nerve position ranged from 10.26 mm (MN1) to 12.30 mm (MN3).

Signi�cance of cephalometric parameters for nerve localization



Page 5/20

Table 3 presents the results of the applied t-test to analyze the correlations between the cephalometric
measurements of the LC/OPT images and the buccal or lingual IAN position according to the CBCT
scans. The cephalometric NSBa angle (LC) and the mandibular angle (Mand.Ang.; OPT) correlated
signi�cantly with each other (p = 0.039 and p = 0.010, respectively). Thus, a decreased NSBa angle or an
increased mandibular angle predicted a lingual IAN position, while an increased NSBa angle and a
decreased mandibular angle indicated a buccal nerve position. The inclination of the mandibular angle
(GnGoAr) and the extent of the Hasund score measured in the LC con�rmed this relationship with a
strongly signi�cant expression (p = 0.003; p = 0.006). Moreover, a lingual nerve position was also
correlated with an increased jaw angle and a reduced Hasund score, whereas a reduced jaw angle and an
increased Hasund score resulted in a buccal nerve position.

Relevance of jaw angle and bite relation for nerve localization

Table 4 summarizes the signi�cant results of the Pearson correlation analysis between the LC and CBCT
measurements. All measurement points of the vertical nerve position in the CBCT scans were
signi�cantly negatively correlated with the sagittal mandibular position according to the LC (SNB). In
retral mandibular positions (decreased SNB), increased distances between the nerve position and the
occlusal cortical bone could be determined. Accordingly, the nerve position was caudal in retral located
mandibles and cranial in anterior located mandibles. The negative correlation was signi�cant for the
measurement points MN1 and MN3 (p = 0.040 and p = 0.012, respectively) and strongly signi�cant for
measurement point MN2 (p = 0.006). The correlation analysis of the skeletal con�guration con�rmed the
previously described relationship according to which increased deviations of the mandibular bases in the
sagittal plane (ANB) were associated with an increase of the measurement points MN1 to MN3 (Figure
6). The positive correlation was strongly signi�cant for measurement points MN1 and MN2 (p = 0.003; p
= 0.001) and signi�cant for point MN3 (p = 0.044). Measuring point MN3 was negatively correlated with
the jaw angle (p = 0.004) and positively correlated with the Hasund score (p = 0.002). A decreased
(increased) jaw angle and an increased (decreased) Hasund score thus allowed caudal nerve position to
be detected and vice versa.

Relationship between mandibular base and nerve localization

The RT7 value (OPT) was positively correlated with a vertical IAN position in the CBCT scans (MN1, MN2,
and MN3: p = 0.002, p = 0.001, and p = 0.013, respectively) (Table 5, Figure 7). Thus, an increased RT7
distance suggested an increase in MN1–MN3 readings on CBCT, suggesting a more caudal nerve
localization. This observation was supported by the negative correlation of the mandibular angle
(Mand.Ang.) and the most posterior measurement point MN3 (CBCT). With reduced jaw angles,
signi�cantly increased distances, and thus more caudal nerve positions were found (p = 0.013).

Relevance of mandibular structure for nerve localization

The in�uence of all parameters on the observed correlations of the nerve position was tested using
logistic regression analysis with a backward removal algorithm (Table 6). For a buccal nerve position, the
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analysis revealed an odds ratio of 1.186 for the Hasund score. Thus, the relative chance of the IAN being
positioned in the buccal half of the mandible at the position examined increased by 18.6% when the
Hasund score increased by 1 (p = 0.020).

Correlation between LC and OPT measurements

A strong positive correlation between the jaw angles measured in LC and OPT could be observed (r = 0.89;
p = < 0.001; Table 4, Figure 8). 

Discussion
In this investigation, we performed a cephalometric analysis on routine dental two-dimensional
radiographic techniques (OPT and LC) and compared them with the data obtained from CBCT scans to
predict the inferior alveolar nerve position. The results indicated a close correlation of various parameters
of the less radiation-intensive standard techniques with those of CBCT scans. From this, extended
bene�ts for OPT and LC imaging can be established because of the additional informative value
regarding the nerve localization [7, 16, 18]. This could be of particular interest during the initial
consultation and treatment planning and to justify more radiation-intensive three-dimensional imaging
techniques. To date, no study can be found in the literature on the established correlations and
combinations of �ndings for the localization of the IAN nerve. Using the dedicated knowledge about the
individual cephalometry of the patient (LC) and the con�guration of the mandibular base (OPT), it was
observed that relevant statements about the nerve position can already be made in the initial diagnostic
process. Compared to the more radiation-intensive three-dimensional methods, the combination of both
two-dimensional imaging techniques yielded information with a high correlation. In addition, further
correlations could be determined by the structural analysis method, according to Björk [3, 17]. For the �rst
time, direct relationships between the morphological characteristics of the mandible and the nerve
position could be determined in a speci�c question [5]. The diagnostic bene�t lay in the combination of
�ndings, which can already �nd special application in the initial orthodontic therapy planning. Skeletal
anchorage devices are being used more and more frequently [2, 24, 29, 30]. The retromolar region not only
offers biomechanically favorable conditions for extensive en-masse dental arch retractions [2, 24] but
also has the closest positional relationship to the IAN [2, 24, 29, 30], representing a high risk for nerve
injuries [9]. As described earlier [9], nerve injuries could be avoided without the use of radiation-intensive
three-dimensional imaging.

Moreover, the osteotomy of impacted third molars can lead to IAN damage [14]. Guerrero et al. [14]
investigated the incidence of IAN lesions during third molar extraction using OPT or CBCT navigation and
did not �nd signi�cant differences in postoperative complications between both techniques. At the same
time, however, the authors pointed out that the bucco-lingual nerve position can be easily determined
using CBCT scans, which is a clear advantage of three-dimensional imaging. The results of the present
investigation revealed that a statement about the IAN bucco-lingual position can also be made by
combining the �ndings of the LC. Other studies have addressed the signi�cance of OPT compared with
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CBCT but never combined with LC. A systematic review and meta-analysis by Reia et al. [26] found
accuracy values for IAN position using CBCT of 95.1% for sensitivity (p = 0.666) and 64.4% for speci�city
(p < 0.001) and for OPT 73.9% (p = 0.101) to 24.8% (p < 0.001). The authors remarked that both
techniques reliably detected the IAN position, but the CBCT examination achieved better performance in
predicting the IAN position during surgery. However, the results of the present study on IAN position
suggested a correction, especially regarding the sensitivity of OPTs because of their ability to predict
nerve position in bucco-lingual direction. In contrast, Ghaeminia et al. [12] concluded that CBCTs were not
more accurate in predicting IAN position during third molar removal but clari�ed the possibility of three-
dimensional imaging of the third molar root to the mandibular channel. However, the authors also
a�rmed the possibility of using coronal slices to perform a bucco-lingual assessment of the mandibular
channel on CBCT scans to identify cases in which a lingually placed IAN is at risk during surgery.

Conclusion
Strong correlations between cephalometric parameters in OPT and LC images and data obtained from
CBCT scans, regarding the inferior alveolar nerve position, were found. Considering these results, it would
be safe to say that the diagnostic value of two-dimensional imaging needs to be reevaluated and could
guide decisions regarding the future indication of more extensive three-dimensional imaging techniques.
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Tables
Table 1: Descriptive statistics for all measurements of the LC, OPT and CBCT. The values SNA, SNB, ANB,
ML-NSL, NL-NSL, ML-NL, NSBa, Gn-Go-Ar and Mand. Ang. are given in degrees. The index is given in
percent. The Hasund value is given in ordinal score, RT7 and MN1 to 3 are given in mm.  
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LC

Parameter Unit n mean minimum maximum SD

SNA ° 36 80,16 68,70 90,90 5,26

SNB ° 36 78,16 62,70 94,25 8,28

ANB ° 36 1,88 -14 12,60 6,23

ML-NSL ° 36 33,26 10,05 51,25 10,43

NL-NSL ° 36 9,11 1,20 21,55 4,55

ML-NL ° 36 24,15 2,15 42,65 9,22

NSBa ° 36 131,89 117,85 168 9,30

Gn-Go-Ar ° 36 125,33 103,05 138,95 8,57

Index  % 36 77,36 64 101 7,97

Hasund  score 36 2,47 -12 17 6,96

OPT

Mand. Ang. ° 36 127,50 111,08 140,40 7,20

RT7 mm 36 13,19 7,50 20,53 3,28

CBCT

MN1 mm 36 11,09 5,55 16,60 2,63

MN2 mm 36 10,26 4,95 16,50 3,12

MN3 mm 36 12,30 7,05 22,00 3,90

 

Table 2: Results of Bland-Altman plots on PR, LCR, and CBCT evaluation of both independent
investigators. Angles are given in degrees [°], index in percent [%] and Hasund as [score]. 
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Parameter Unit bucc. nerve course
(mean)

ling. nerve course
(mean)

p-value bucc.
course (n)

ling.
course
(n)

NSBa ° 136.36 129.65 0.039* 12 24

Gn-Go-Ar ° 119.65 128.18 0.003** 12 24

Mand.Ang. ° 123.25 129.62 0.010* 12 24

Hasund  score 6.83 0.29 0.006** 12 24

Parameter Unit Lower Limit of Agreement Upper Limit of Agreement

Mand.Ang. ° -1.85 1.89

SNA ° -1.14 1.04

SNB ° -1.51 2.41

ANB ° -3.25 2.49

ML-NSL ° -1.55 1.78

NL-NSL ° -0.92 1.19

ML-NL ° -1.44 1.4

NSBa ° -3.91 3.44

Index % -2.31 1.84

Gn-Go-Ar ° -2.06 2.04

Hasund score -1.39 1.34

 

Table 3: T-tests for examining the cephalometric measurements as the independent variable and the
nerve course as the dependent variable. The signi�cance level was p = <0.05. Only the statistically
signi�cant parameters are given. * = p < 0.05; ** = p < 0.01. 

 

Table 4: Pearson correlations between LC and CBCT measurements of the retromolar region, as well as
LC and OPT measurements. * = p < 0.05; ** = p < 0.01; *** = p < 0.001. 
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Correlations between LC and CBCT measurements

LC  Unit CBCT (retromolar) correlation coe�cient p-value

SNB  ° MN1 -0.34 0.040*

MN2 -0.45 0.006**

MN3 -0.41 0.012*

ANB  ° MN1 0.49 0.003**

MN2 0.57 0.001**

MN3 0.34 0.044*

Gn-Go-Ar  ° MN3 -0.47 0.004**

Hasund  score MN3 0.50 0.002**

Correlations between LC and OPT measurements

LC  Unit OPT  correlation coe�cient p-value

Gn-Go-Ar  ° Mand.Ang. 0.89 < 0.001***

 

Table 5: Pearson correlations between OPG measurements and DVT measurements in the retromolar
region. * = p < 0.05; ** = p < 0.01. 

OPT Unit CBCT (retromolar) correlation coe�cient p-value

RT7 mm MN1 0.51 0.002**

MN2 0.54 0.001**

MN3 0.41 0.013*

Mand.Ang. ° MN3 -0.41 0.013*

 

Table 6: Logistic regression with backward removal algorithm to study the in�uence of cephalometric
parameters on nerve course in buccal position. For a buccal nerve course, an odds ratio of 1.186 is
available for the Hasund score. The marginal probability that the nerve is located in the buccal half of the
mandible at the examined position increases by 18.6% when the Hasund score is increased by 1. * = p <
0.05.
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Parameter Odds Ratio p-Wert

Hasund [score] 1.186 0.020*

 

Figures

Figure 1

OPT with acquired measurements. Distance of the root tip of the second molar (RT7) to the mandibular
base and the jaw angle (Mand.Ang.).
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Figure 2

See image above for �gure legend
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Figure 3

Sagittal section of the retromolar region in the DVT image with alveolar nerve marked in red and
measuring points marked in yellow.

Figure 4

Axial view of the mandible in the DVT with marked distance of 5 mm distal to the last molar. The coronal
view was adjusted using these distance markings.
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Figure 5

Coronal view of the mandible in the DVT. The lingually a) and buccally b) running inferior alveolar nerve
is marked in red.
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Figure 6

Scatterplot of the Pearson correlation between the ANB [°] (measured in LC) and the vertical position of
the inferior aleveolar nerve MN2 [mm] (measured in CBCT).
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Figure 7

Scatterplot of the Pearson correlation between the distance WS7 [mm] (measured on OPT) and the
vertical position of the inferior alveolar nerve MN2 [mm] (measured on CBCT).
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Figure 8

Scatterplot of the Pearson correlation between the Gn-Go-Ar [°] (measured in LC) and the Ang. Mand. [°]
(measured in the OPT).


